Summary.-A soft agar colony assay has been developed for the B16 mouse melanoma and the Lewis lung tumour. The special features of the technique are the use of a gas phase with 5% 02 instead of air and the addition of rat red blood cells.
The addition of up to 104 heavily irradiated tumour cells gives some further improvement in plating efficiency for the B16 melanoma but not for the Lewis lung tumour. Applications of the technique to measure cell survival in the two tumours after treatment with cytotoxic drugs and radiation are reported. The scatter of experimental points is relatively small, and in comparative experiments good agreement has been obtained with results using in vivo assay techniques.
IN VI VO ASSAYS have been successfully used for the measurement of cell survival in the Lewis lung tumour and the B16 mouse melanoma treated in situ with cytotoxic agents. A lung colony method has been successfully used by Hill and Stanley (1975) and Shipley et al. (1975) and also a terminal dilution technique by Steel and Adams (1975) . These methods are time-consuming, however, and require large numbers of animals.
In vitro techniques have the advantage that colonies can be identified microscopically at a much earlier stage, but, apart from a report by Thomson and Rauth (1974) using the KHT fibrosarcoma, their use is restricted to cell lines previously adapted to culture conditions. The present paper describes a soft agar colony technique that enables the cells from Lewis lung tumour and the B 16 melanoma to be grown directly from the animal tumour with the good plating efficiency required for a colony assay.
An agar method has been chosen since early observations showed that Lewis lung cells tend to move across the surface of the dish making it difficult to distinguish individual colonies. Agar also has the advantage that more colonies per dish can be grown than in monolayer and the seeding of small colonies from larger ones is prevented. The essential features of the modified agar technique to be described are the addition of red blood cells (RBC) shown by Bradley, Telfer and Fry (1971) to improve the growth of mouse bone marrow cells and the use of a low 02 concentration (Osgood and Kryppaehne, 1955; Richter, Sanford and Evans, 1972) . By using a gas phase containing 5% 02, the 02 tension at the surface of the medium (about 40 mmHg) is reduced to a level comparable to that in the tissues in vivo (Jamieson and Van den Brenk, 1964 The trypsin was changed after 10 min and 15 min (Lewis lung tumour) or 25 min later (B16 melanoma) replaced by Ham's medium wAithout serum. Incubation was continued for a further 5 min. The majority of the cells, which were still loosely attached to the surface of the pieces, were brought into suspension by giving 3 or 4 sharp shakes. After centrifugation at less than 1000 rev/min, the resuspended cells were filtered through a stainless steel wvire mesh (350 mesh, Endecotts Ltd, London).
Cell counts were made with a haemocytometer viewed under phase contrast. Cells that did not stain with lissamine green, and had an intact and smooth outline with a bright halo ere scored as viable: on the basis of these criteria the viability of the suspensions usually exceeded 9000. Other mixtures were made by mixing 950o air + 50 Co2 with 950o N2 + 500 CO2 using gas flow meters. Cultures were enclosed in transparent polystyrene boxes 6 x 11-7 x 17-5 cm (Stewart Plastics) with a flush-fitting lid. The boxes were gassed at 2 1/min for 10 min via two 0-5-cm diameter holes at opposite ends of the box lid and the holes and joint between the lid and box were sealed with polythene Sellotape.
Agar medium. A 5% agar solution was made by boiling powdered agar (Bacto agar, Difco) with double distilled water for 10 min. After cooling to about 60°C the solution was transferred to a water bath at 44°C. The agar was then added to 9 volumes of medium with serum, previously warmed to 44°C, giving an agar concentration of 0-500.
Plating out technique.-An underlayer of 0-6 ml of medium with 0.50 0 agar was poured into 30-mm Petri dishes (Sterilin) and allowed to set. Boxes of dishes were gassed with N2 + 500 CO2 to reduce the 02 concentration and maintain pH and kept at 4°C until immediately before pouring the top layer.
Tumour cells at 5 x final concentration, HR cells at 10 x final concentration and diluted RBC, were mixed in sterile test tubes in the proportion of 2: 1: 1. Quantities sufficient for 5 or 10 replicate dishes were mixed in each tube. Immediately before plating out, the tubes were warmed to 37°C, 6 parts of 0-5% agar at 44°C was then added to 4 parts of the mixed suspension to give a final agar concentration of 03%o.
The tubes were inverted to disperse the cells and 1-ml volumes were immediately pipetted on to the underlayer. As indicators of possible gas leaks, dishes of medium without serum were placed in the boxes, which were humidified by a few ml of dilute CuS04 poured in the bottom. The boxes were carefully transferred to the refrigerator and kept at 4°C for 10-15 min to complete the setting process. After gassing and sealing they were incubated at 37°C.
For the drug assay, control cells were plated out at 100 per dish and treated cells at a range of concentrations up to 104 per dish. In dishes with less than 104 cells the total number was made up to 104 with HR cells given 25 krad. An RBC dilution of 1/2 was used.
Colony count.-Using a dissecting microscope, colonies were counted at 8 days for the Lewis lung tumour and 13 days for the B16 melanoma. For the drug assay they were counted 2 days later to allow for possible division delay. Only colonies of 50 or more cells were counted in order to exclude the abortive colonies frequently seen after treatment with cytotoxic agents. Plating efficiency (PE) was the number of colonies per 100 cells plated.
RESULTS
Lewis lung tumour Table I shows that Lewis lung cells plated out 50 per dish and gassed with air gave no colonies, but when rat RBC were added to the agar, or when the dishes were gassed with 50 0 2, PEs of 700 and 300 respectively were obtained.
With both RBC and 5 % 02, PE was increased to nearly 80% in this experiment showing that both factors are required for optimum PE. Conditioned medium, which has been reported to improve growth of some cell types (Ichikawa et al., 1969 ) was found to have no effect when added to a duplicate set of dishes.
The addition of mouse kidney tubules (Abrahams et al., 1968) to remaiii intact over the period of the experiment and in 0-2, 0-25 and 0.3%o agarose, PEs of 5-8 + 0-6, 6-7 ± 0 3 and 7-8 ± 1.0% respectively were obtained as compared with 24-8 ± 2-3, 22-0 ± 1P7
and 24-5 ± 1.0% in the same concentrations of agar. Since agarose underlayers were not toxic to the cells, it was concluded that the growth factor was not released from whole RBC in sufficient quantities to stimulate colony formation. In another experiment RBC were lysed by adding equal volumes of doubledistilled water to packed RBC and separating the RBC ghosts by centrifugation. In dishes with lysate, plating efficiency was higher than in those without RBC but the lysate was less effective than the equivalent number of whole RBC. RBC ghosts had no effect. RBC lysed by freezing and thawing, and used without attempting any separation were also rather less effective than the same number of unlysed RBC. Whole RBC are therefore used in the standard assay procedure.
RBC concentration. Table II shows that when cultures were set up with a range of RBC dilutions from 1/2 to 1/20, PE increased progressively with RBC numbers. A dilution of 1/2 used for the Munro and Porteous (1975) as an alternative assay. By adding RBC and gassing with 500 02, PEs comparable to those in agar were obtained. B16 melanoma
We found that B16 mouse melanoma cells could be cultured more readily than Lewis lung cells and discrete colonies and Hill and Stanley (1975) found no difference in survival between 2 and 22 h. In the preparation of the The addition of RBC has been found to give a further improvement in PE, apparently by producing a labile growth factor released on cell lysis. The effect does not appear to be related to the ability of RBC to take up 02, since intact RBC were found to be ineffective: also the improvement in growth occurred with either air or 5% 02.
The modified soft agar assay based on these results has been found to give reproducible results for the measurement of clonogenic cell survival in the B 16 and Lewis lung tumours and PE between 30 and 5000 is regularly obtained. It is possible that the technique may have wider applications for the assay of cells taken from solid tumours. We have already found that cells from human tumours grown as xenografts in mice can give colonies with PE of 1-20% using a modification of this technique.
The good agreement between the agar assay and the in vivo lung colony assay obtained by Shipley et al. (1975) in parallel assays measuring radiation survival demonstrates the validity of the in vitro assay technique. Similar results have also been reported by Steel and Adams (1975) using the tumour endpoint dilution technique to measure cyclophosphamide survival in Lewis lung tumours. Both these experiments show that for separated cells taken directly from the animal, survival is the same, whether they are transferred to another host animal or maintained in vitro.
